Four cases of mesothelioma in a cohort of 999 Finnish anthophyllite miners and millers are described. Three deaths were due to pleural mesothelioma and one to peritoneal mesothelioma among the total of 503 male deaths up to 1991. All four patients with mesothelioma had had long term (13 to 31 years) exposure in anthophyllite mining and milling. The latency time from the onset of employment until diagnosis was 39 to 58 years. All four patients were smokers or ex-smokers and had asbestosis. In three of the cases the pulmonary fibre concentration and fibre type were analysed by transmission electron microscopy. High concentrations (270 to 1100 million fibreslg dry tissue) of anthophyllite fibres were detected. The anthophyllite fibres were thicker and had lower aspect ratios than the values reported for crocidolite fibres retained in the lungs of patients with mesothelioma.
theless, often constituted a large proportion of the total fibre burden and could therefore not be excluded as a cause of mesothelioma. In one of the patients with a reasonably low concentration of fibres only anthophyllite was detected. 5 In this report we describe four cases of mesothelioma that occurred in the ongoing follow up of the cohort of Finnish anthophyllite miners and millers.
Materials and methods

THE COHORT OF ANTHOPHYLLITE MINERS
Two anthophyllite asbestos quarries were worked in Finland during the period 1918-75. They were owned by the same company and located within 10 km of each other in a sparsely populated area about 50 km from the nearest city. The workers were recruited mainly from the farming population living in this area. In the 1950s and 1960s the annual output was about 10 000 tonnes. The quarries were combined with a dry hammer mill, which crushed, ground, and classified the broken rock into asbestos products for various industrial applications.
A fairly complete personnel register was kept by the company in the form of salary lists from 1936. The register contained the names, dates of birth, working periods, and roughly the kind of work done. The series of miners and millers included all workers employed for three months or longer between 1 January, 1936 and 1 July, 1967 (miners, millers, forestry workers, transportation workers, and office workers). After tous histology remained negative in cytokeratin staining and a sarcoma could not be completely excluded.
ANALYSES BY ELECTRON MICROSCOPY
In three cases a sample of lung tissue was available for analysis of the retained mineral fibres by electron microscopy. In one of these cases (case 2 in table 1) the tissue was stored in 4% formalin. In the two other cases the specimens were embedded in paraffin, which was subsequently dissolved with xylene. As the tissue weight is known to decrease during the process of embedding due to the extraction of lipids,6 the fibre concentrations of the paraffin embedded samples were corrected assuming a dry weight loss of 20%.
A piece of tissue of about 100 mg wet weight was taken for the fibre analysis. The samples were prepared according to a previously described method,5 which included low temperature ashing of the lung tissue and filtration of the remaining ash on polycarbonate filters. The filters were further coated with carbon and placed on electron microscopy grids. The filter material was dissolved with chloroform in a modified Jaffe washer. The fibres were counted with a JEOL 100 CX-ASID4D electron microscope in STEM mode on a CRT screen. An acceleration voltage of 100 kV and a magnification of 15 000 were used. All inorganic particles having roughly parallel sides and a length to width ratio greater than three were defined as fibres and counted. The dimensions of the fibres were measured directly on the screen with magnifications up to 100 000. The dimensions of 100 fibres per sample were measured. An energy dispersive x ray microanalyser (Tracor TN 5500) was used to identify the mineral type of each fibre. The intensity ratios of Si, Mg, Fe, Ca, and Na were used in the identification by comparing the spectra peak ratios to standard spectra. Four hundred fibres per sample were identified. This gave an analytical sensitivity of <0-25% for fibre types other than anthophyllite. According to Poisson statistics this equals a detection limit of <1 0% (four times the analytical sensitivity).
Results
In a recent follow up of 999 anthophyllite miners and millers, a total of 593 deaths (503 men and 90 women) were noted up to the end of 1991; 72 of these were were due to lung cancer, four to mesothelioma, and 31 to asbestosis. The diagnosis of asbestosis was mentioned in 20% of all death certificates. A detailed report on the incidence of cancer in this cohort is under preparation. Table 1 presents the pathological characteristics of the four mesotheliomas and the exposure data of the patients. Three of the workers had pleural and one had peritoneal mesothelioma (one of the pleural mesotheliomas had also invaded the abdominal cavity). All four were male smokers or ex-smokers and had asbestosis. The three cases with available lung tissue samples had a very high concentration of anthophyllite fibres in their lungs; about 1% of the fibres were coated asbestos bodies. When 400 fibres per sample were identified, only anthophyllite fibres were detected. Numerous talc particles were also detected in the samples.
All four patients had had long term (13 to 31 years) exposure in the mining of asbestos (see table 1 ). The occupational histories indicated no exposure to asbestos other than in the Paakkila mine. As well as work in the Paakkila mine, all four had worked in farming and forestry. They all retired when they left the company. The latency time from the onset of employment to the diagnosis was 39 to 58 years. They all had lived in the neighbourhood of the mine before the onset of employment. Table 2 summarises the measured sizes of the anthophyllite fibres in the three cases. The dimensions were similar. The median lengths of anthophyllite fibres were 3 9 to 5-1 pum with 20% to 29% of fibres exceeding 10 pm in length. The median aspect ratios were around 20, and 4% to 1 1% of the fibres had aspect ratios exceeding 50.
Discussion
Four histologically confirmed mesotheliomas were found among 503 male deaths up to 1991 in a cohort of 999 anthophyllite miners and millers. There were no mesotheliomas among the 90 female deaths during the same period. In men, the proportion of deaths from mesothelioma (about 0-8% of all male deaths) was less than the 1-5% to 18-6% that have been reported in cohorts exposed to crocidolite, amosite, tremolite, or mixtures containing these amphiboles.' The proportional mortality ratios obtained in different studies might, however, not be comparable-for example, because of different age structure of the person-years in the follow up. For comparison, the proportional mortality of mesothelioma in the Finnish male population in 1982-91 according to the statistics of the Finnish Cancer Registry was 0-1%. About 70% of deaths from mesothelioma in the Finnish population are related to occupational exposure to asbestos, mainly in shipbuilding, construction, and maintenance occupations.5 Additional deaths from mesothelioma in our cohort cannot be completely ruled out, as only 30% of the death certificates were based on necropsy, and pulmonary and abdominal malignancies were included among the cases that were not necropsied. The diagnostics of mesothelioma have also greatly improved in Finland during the past two decades. Therefore the accuracy of death certificates in the anthophyllite cohort up to the 1970s may not be comparable with the data of the general population in the 1980s.
Despite these epidemiological problems, it seems likely that although anthophyllite fibres can induce mesotheliomas in humans, they are less potent than crocidolite or amosite fibres. This might be related to the differences in the dimensional characteristics between anthophyllite, crocidolite, and amosite fibres.
A model for the carcinogenic potency of a fibre as a function of its size has been presented with the conclusion that long, thin fibres are more carcinogenic and fibrogenic than short and thick fibres, but many short fibres may induce a tumour as easily as a few long fibres.8 It has been suggested that fibres 8 pm in length and <0-2 pum in width (aspect ratio greater than 40) are the most important in the causation. of mesotheliomas in humans. 9 The fibrogenic potential of asbestos fibres has been considered to correlate with the total surface area of retained fibres independently of fibre type.'0 Anthophyllite fibres are on the average much thicker than crocidolite or amosite fibres." In a recent study of probably due mainly to the poorer resolution of thin fibres at the lower magnification (1500 x) used in that study.
As well as cohorts exposed in mining or handling of asbestos, mesotheliomas have been reported among talc miners, whose exposure could have included fibrous tremolite.7" Tremolite has also been detected in geological investigations in the Paakkila area, but the amount of fibrous tremolite has not been documented.'3 Exposure to fibrous tremolite among the Paakkila miners is therefore geologically possible. No tremolite fibres were, however, detected among the 400 identified fibres per sample in the lung specimens in our study. Neither has tremolite been reported as a contaminant in the International Union against Cancer (UIGC) anthophyllite standard derived from the Paakkila mine,'4 15 nor detected in products or dust samples collected at the mine and mill, and analysed in our laboratory. Exposure to fibrous tremolite among the Paakkila miners is therefore, if not nil, probably very low.
The concentrations of fibres found in the lungs of the anthophyllite miners were very high. In Finland, with the same microscopy method, similar concentrations have been reported only among asbestos sprayers and shipyard workers exposed mainly during asbestos spraying (mostly crocidolite),5 and an increased risk of mesothelioma (OR 14-4, 90% confidence interval 2-5-178) has been associated with fibre concentrations exceeding 1 million fibres/g.'6 All our patients were heavily exposed and had asbestosis. This might be related to the potency of anthophyllite fibres to induce mesothelioma; a reasonably high level of exposure is needed for a sufficient amount of fibres of adequate dimensions to be deposited in the lungs.
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